Background and Aim: Noninvasive scores are developed for the estimation of advanced fibrosis, including parameters in addition to transaminases in non-alcoholic fatty liver disease (NAFLD). In this study, we aimed to investigate the diagnostic performances of Fibrosis-4 (FIB-4) and NAFLD Fibrosis Score (NFS) in the estimation of advanced fibrosis comparing patients with normal and elevated transaminases.
NAFLD is predicted in the recent models. In this respect, NAFLD represents a significant economic and public health burden for the world. [2] NAFLD is characterized by evidence of hepatic steatosis and lack of secondary causes of hepatic fat accumulation, such as significant alcohol consumption, long-term use of a steatogenic medication, or hereditary disorder. NAFLD exists on a spectrum from simple steatosis to NASH. [3] [4] [5] The severity of hepatic fibrosis plays especially a significant role in the determination of NAFLD prognosis. NAFLD patients with advanced fibrosis have an increased tendency to progress to cirrhosis, hepatocellular carcinoma, end-stage liver failure and even liver-related mortality, which underlines the importance of timely detection of advanced fibrosis. [6, 7] To date, liver biopsy remains the reference standard for detecting inflammation and staging fibrosis, which are more likely to be associated with liver-related morbidity and mortality. However, liver biopsy has various main limitations, including high cost, its invasive nature, risk of complications and small size of harvested liver tissue, which may not represent the disease status. [8, 9] Therefore, there is a significant effort to replace liver biopsy with non-invasive modalities, such as clinical and blood-based biochemical testing approaches. [9, 10] Among those, in the recent NAFLD guidelines, Fibrosis-4 Index (FIB-4) and NAFLD Fibrosis Score (NFS) were recommended to use in the estimation of advanced fibrosis. [3, 9] Clinically, the most common pattern of NAFLD is mildly elevated liver transaminases, although elevated serum transaminase levels poorly correlate with liver histology. [11] However, serum transaminases are also included in FIB-4 [12] and NFS [13] as a part of the calculation although there is a lack of evidence whether their diagnostic accuracy differs according to serum transaminase levels. In this study, we aimed to investigate the diagnostic performances FIB-4 and NFS in the identification of advanced fibrosis comparing biopsy-proven NAFLD patients with normal and elevated serum transaminases. We also sought to find optimal cutoffs for our study patients with and without elevated liver enzymes, respectively.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is currently the most prevalent chronic liver disease worldwide. NAFLD is estimated to affect 25% of the world population. [1] Non-alcoholic steatohepatitis (NASH), the subtype of NAFLD, is already among the top etiologies for hepatocellular carcinoma. Due to the close association of NAFLD with obesity and type 2 diabetes mellitus, an increase in incidence and prevalence of aspartate transaminase (AST) level of ≤37 U/L were defined as normal. An ALT level of >40 U/L and/or AST level of >37 U/L were considered elevated serum transaminase levels. Exclusion criteria were explained in detail previously. [14] The groups were well-matched concerning age, gender and body mass index (BMI). Liver biopsies were evaluated by a single pathologist expertized in the liver as previously described [15] and a histological fibrosis score F≥3 was used to define advanced fibrosis. [16] The pathologist was blinded to FIB-4 and NFS results.
Calculation of the FIB-4 and NFS
FIB-4 scores were calculated using four parameters (platelet count, age, AST, ALT) [17] and NFS six parameters (age, BMI, presence of impaired glucose tolerance or diabetes, platelet count, albumin and AST/ ALT ratio) [13] following the published formulas. For FIB-4, patients who scored <1.3 [12] and <1.45 [17] were defined as low risk for advanced fibrosis and >2.67 [12] and >3.25 [17] as high risk for advanced fibrosis. According to NFS, patients who scored <-1.455 and >0.676 were defined as low and high risk for advanced fibrosis, respectively. [13] 
Statistical Analysis
The normal distribution of continuous data was assessed using the Shapiro-Wilk test. The normally distributed continuous data were ex- 
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Results
From 407 biopsy-proven NAFLD patients, 107 patients (26.3%) had normal and 300 patients (73.7%) elevated serum transaminases. General characteristics of the study patients were presented in Table 1 , comparing patients with normal and elevated serum transaminase levels. In Table 2 , the histological characteristics of the patients were summarized. Among patients with normal serum transaminases, 23 patients (21.5%) had advanced fibrosis, whereas among patients with elevated serum transaminases were 67 (22.3%). The prevalence of advanced fibrosis among those groups did not significantly differ (p=0.858).
In patients with normal serum transaminase levels, using the previously published cutoff values for FIB-4 (<1. 3 The diagnostic performances of FIB-4 and NFS in patients with normal and elevated serum transaminases were presented in Table 3 and Table  4 , respectively. Accordingly, especially cutoffs indicating a high risk of advanced fibrosis had a relatively good diagnostic performance in exclusion of advanced fibrosis considering the high specificity values for both of the groups, including all the cutoffs of FIB-4 and NFS. However, low sensitivity values indicated low diagnostic performance in the identification of advanced fibrosis. Concerning optimal cutoff values, we detected the best cutoff values at >1.2 and >1.3 for FIB-4 for elevated and normal transaminase levels, whereas for NFS at >-1.483 and >-0.587, respectively. We found overall suboptimal agreement with the noninvasive tests and reference standard considering low kappa values both for the cutoffs recommended in the literature and optimal cutoffs revealed in our study.
Discussion
In this study, to our knowledge, we compared for the first time the diagnostic performances of FIB-4 and NFS using different cutoff values recommended in the literature between patients with normal and elevated serum transaminase levels, and we found similar diagnostic performance in both of the groups. The optimal FIB-4 cutoff value revealed in our population for patients with normal serum transaminases was >1.3 for the identification of advanced fibrosis, which was coherent with the cutoff reported in the literature. [12] The best agreement was also detected at this cutoff for patients with normal serum transaminases (kappa=0.410), whereas a FIB-4 cutoff of >1.2 showed the best agreement in patients with elevated serum transaminases (kappa=0.269). Additionally, for both FIB-4 and NFS, we concluded that noninvasive tests were useful in exclusion of advanced fibrosis rather than identification of it as recommended in the guideline of European Association for the Study of the Liver, [3] but in contrast with the guideline of American Association for the Study of Liver Diseases. [9] The prevalence of NASH with advanced fibrosis is not well defined, and current estimates tend to underestimate the true prevalence given the assessment of advanced fibrosis was estimated with noninvasive methods rather than using reference standard. [18] [19] [20] However, from Turkey, advanced fibrosis was reported to affect a substantial number of patients (17.3%) with biopsy-proven NAFLD, which also shows the poor diagnostic accuracy of noninvasive tests in the identification of advanced fibrosis. [14] Therefore, liver biopsy remains still the reference standard for the identification of histological features, [21, 22] especially the detection of advanced fibrosis represents a clinical significance, which is associated with a higher risk of liver-related morbidity and mortality. Therefore, it becomes a major focus for drug trials among patients with NASH. [23] [24] [25] [26] [27] In other respects, it is of critical importance to exclude those patients with advanced fibrosis accurately to avoid unnecessary liver biopsy. [28] Although both FIB-4 and NFS showed similar diagnostic performance concerning the exclusion of advanced fibrosis, FIB-4 can be used over NFS because of its slightly better performance and easier application using only four parameters in clinical practice, which was also reported previously. [29] Additionally, following first-line triaging of NAFLD patients with advanced fibrosis with FIB-4 and NFS, performing Fibroscan to those patients were found to increase diagnostic accuracy, [30] which was considered as a useful diagnostic tool in screening liver involvement in patients with NAFLD. [31] In this scenario, patients who classified as low risk for advanced fibrosis must be managed in primary care, whereas patients with high risk should be directly referred to secondary care. However, patients who were classified as indeterminate risk according to FIB-4 or NFS should undergo Fibroscan examination. [32] Our study has several limitations. Firstly, we performed this study focusing only on FIB-4 and NFS without investigating other noninvasive scores. [29] Secondly, we defined normal serum transaminase levels according to our laboratory, which may not be compatible with other laboratories' diagnostic values.
Conclusion
In conclusion, FIB-4 and NFS showed acceptable diagnostic performance in the exclusion of advanced fibrosis rather than detection of it.
Among those, FIB-4 can be the noninvasive diagnostic test of choice in clinical routine, considering its easier calculation with fewer parameters.
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